A method for activating ISE is proposed that can allow determination of the fluoride concentration at ng mL -1 level with good precision and accuracy. Fluoride ISE is activated in 0.5 mol L -1 HClO4 medium and then fluoride is determined in the same medium. The linear range for the determination of fluoride is between 1.00 × 10 -2 -1.00 × 10 -7 mol L -1 , and the detection limit of the method is 1.0 ng mL -1 . The advantage of this method is that it is free from the use of TISAB solution while being, time-saving and labor-saving. A mechanism study of the activation of FISE in HClO4 medium is explained. The method has been used for the determination of trace fluoride in milk and flour with satisfactory results.
Introduction
Fluoride ion-selective electrodes (FISEs) have been widely used in the determination of fluoride concentrations. The common method is carried out in the media of TISAB buffer solutions, proposed by Frant and Koss 1 in 1968, with linear range of 1.0 × 10 -2 -1.0 × 10 -6 mol L -1 and detection limit of 10 ng mL -1 . It is well known that FISEs do not show Nernst behavior at low fluoride concentrations. To meet the increasing requirements of public health and environmental protection, it has become necessary to measure very low fluoride concentrations in food and other samples. Some techniques have been developed to improve the linearity of FISEs at low level. For example, spiking standards and samples with known amounts of fluoride has been recommended. 2, 3 A different approach based on a standard addition-dilution technique was proposed by Fuchs 4 and Ekstrand. 5 A mathematical treatment that makes use of the obtained mathematical expression to calculate the fluoride concentrations was put forward by Villia 6 in 1988, and it was possible to obtain linear calibration graphs down to 2 -3 ng mL -1 . In this paper, a simple, time-saving, low-cost and more sensitive method is proposed based on references 7, 8 for the determination of trace fluoride without using mathematical process. It is performed in medium of 0.5 mol L -1 HClO4 after activating the FISE in the same medium: The detection limit is 1.00 ng mL -1 . It is a valuable method for the determination of very low level fluoride.
Experimental

Apparatus
PHS-2 Type Acidity Meter (2nd Analytical Instruments Factory, Shanghai, China); Fluoride Ion-Selective Electrode (FISE) (Semiconducting Material Factory, Changsha, China). The electrode membrane is made of LaF3 single crystal adulterated with a small amount of EuF2 or CaF2; polyethylene plastics containers were used for all analytical steps, and dipped into dilute hydrochloric acid for 48 h to avoid being contaminated by fluoride before use.
Reagents
Calibration standards were prepared from stock solution of 0.10 mol L -1 fluoride; TISAB solution was prepared according to formula provided by Fuchs using high-purity reagents from Merck; double deionized water was used throughout this work; flour was provided by New China Flour Factory of Baoding, and milk from Nongken Company of Baoding.
General procedure
The fluoride ISE was dipped in second deionized water with stirring until the potential became stable, and then activated the FISE in 0.5 mol L -1 HClO4 solution with stirring for 8 min. The activated FISE was used for the determination of fluoride in calibration standard solutions and sample in 0.5 mol L -1 HClO4 medium.
Results and Discussion
Mechanism of the activation
A prerequisite to working for LaF3 ISE is that the singlecrystal membrane is consists of single crystal of LaF3 adulterated slightly with EuF2 or CaF2. In the crystal lattice of LaF3, La 3+ is closely surrounded by five F -ions and complexed with an additional six F -ions. Thus, the crystal lattice of LaF3 is made up of strata of LaF2 + and F -. At the equilibrium position, the F -ion lies in flat potential well, which makes Fmove easily in the crystal lattice. [9] [10] [11] [12] [13] [14] [15] The electron transfer can be depicted by the following formula: 10, 16, 17 LaF3 + Molecular Cavity  → LaF2 + + F -. When FISE is dipped into water, the following reaction takes place in the LaF3 membrane: 18 LaF3 + H2O  → LaOF +2HF.
The electron transfer can be depicted by the following formula:
The diameter of the O 2-ion is bigger than that of the F -ion, which makes O 2-easier to enter the crystal lattice of the electrode membrane and produce LaOF on the surface of the LaF3 membrane. The character of the LaF3 crystal membrane is improved and the electrode is activated. 19, 20 This is presently the determination method of fluoride with LaF3 ISE, which is subsequently activated in some media after first being activated in water. The blank equilibrium potential with this LaF3 ISE activated with the above-mentioned method is higher (Fig. 2, a) . The range of the Nernst response is narrow and the determination sensitivity is poor (Fig. 3, a) .
It can be deduced from the character of the LaF3 crystal described above that reaction (2) takes place when the LaF3 electrode is activated in water; subsequently, the following reaction takes place when the LaF3 electrode is activated in HClO4 solution:
LaOF formed on the surface of LaF3 membrane is replaced by La(ClO4)2F, and the electron transfer can be depicted as follows:
La(ClO4)2F + Molecular Cavity  → La(ClO4)2 + + F -.
This is because the ClO4 -ion is much bigger than the O 2-ion, which makes it easier to enter the crystal lattice of the LaF3 membrane to replace the O 2-ion of LaOF and form La(ClO4)2F. Because La(ClO4)2F occupies more space than LaOF, it can deeply enter and thoroughly occupy the crystal lattice of the LaF3 membrane. Thus, the character of the LaF3 electrode membrane is further improved and the membrane potential is increased. Also, the blank equilibrium potential is lowered (Fig.  2, b) . Thus, when the determination is performed in HClO4 solution after the FISE is activated at the same concentration of the HClO4 solution, the lower blank equilibrium potential 7, 8 extends the range of the Nernst response and improves the determination sensitivity (Fig. 3, b) .
Effect of the concentration of HClO4 solutions
After being activated to lower equilibrium potential in the second deionized water, the FISE was respectively activated in different concentrations of HClO4 solution with stirring for 8 min, and then the FISE was put into solution in which the fluoride concentration was 1.0 × 10 -4 mol L -1 and the HClO4 concentration was the same as fact of the activating solution. The obtained potential values are shown in Fig. 1 . It was shown that concentration of no less than 0.5 mol L -1 HClO4 gave better activating results. Thus, 0.5 mol L -1 HClO4 was chosen as the activating media.
Effect of the activating time
The FISE was activated in second deionized water for different times. The corresponding potentials obtained are shown in Fig. 2 , a. This figure also shows that the potential becomes stable after activating for about 6 min.
After being activated to lower equilibrium potential in the second deionized water, the FISE was activated in 0.5 mol L -1 HClO4 solution for different times.
The corresponding potentials obtained are shown in Fig. 2 , b. This figure shows that the potential becomes stable after activating for about 3 min.
As can be seen in Fig. 2, b , the FISE could be activated to lower equilibrium potential with less time in HClO4 solution than in water medium.
Comparison of the response time
The response time of the activated FISE to different Fconcentrations in 0.5 mol L -1 HClO4 and TISAB 21 solutions was, respectively, tested. The results (Table 1) showed that there were no significant differences between them.
Calibration graphs
A serial fluoride standard solution of different concentrations was, respectively, prepared in 0.5 mol L -1 HClO4 and TISAB media. The potential was determined in accordance with the previous general procedure. Curves TISAB media against the negative logarithm of the standard concentrations (-log C). As can be seen (Fig. 3, a) , the results obtained in TISAB solution show an ideal Nernst behavior in the ranges of fluoride concentration from 1.00 × 10 -2 to 1.00 × 10 -6 mol L HClO4 medium indicated an ideal Nernst behavior in the ranges of fluoride concentration from 1.00 × 10 -2 to 1.00 × 10 -7 mol L -1 (Fig. 3, b) . The linear-regression equation is E = -36.6 + 57.2 × log C and the regression coefficient is -0.9992. The detection limit is 1.0 ng mL -1 .
Effect of foreign ions
For standard fluoride solution of 1.00 × 10 -5 mol L -1 , the following times of foreign ions do not interfere with the determination for relative deviation of less than 5% (weight ratio to F -): Al 3+ 
Sample analysis
Flour: First, 250 ml of 2.0 mol L -1 perchloric acid was added to 10.0 g of flour in a 500 mL screw capped plastic bottle, and placed for 5 -10 h at room temperature after mixing, and then transferred to a 100 mL volumetric flask and diluted to volume for an analysis using the proposed procedure.
Milk: First, 125 ml of 2.0 mol L -1 perchloric acid was added to 100 ml of milk in a 500 mL screw-capped plastic bottle, and placed for 5 -10 h at room temperature after mixing, then transferred to a 500 mL volumetric flask and diluted to volume for an analysis.
The determination of fluoride in milk and flour was carried out with the general procedure. Furthermore, nine aliquot solutions of milk and flour for the determination were, respectively, spiked with a given amount of fluoride standard solution and diluted to 50 mL for recovery test in the same way. The results are given in Table 2 and Table 3 .
Conclusions
According to the present information, the proposed method seems likely to be the simplest, most rapid and accurate procedures for fluoride determination in different materials with FISEs, especially for low-level fluoride concentrations. It should be emphasized that the suggested procedures do not require any special expertise, reduce the number of analytical steps and manipulations and can be reliably performed for both routine and research applications. A mechanism study of the activation of FISE in HClO4 medium is explained by the authors. 
